Alkali-treated lipopolysaccharide from Brucella abortus S1119.3 coupled to agarose beads by cyanogen bromide activation resulted in an immunoadsorbent with which a large amount of B. abortus-specific antibodies could be purified. The method described gave alkali-treated lipopolysaccharide binding efficiencies of up to 98%. There was little loss of alkali-treated lipopolysaccharide from the column after several pH shifts, allowing the immunoadsorbent to be regenerated and used repeatedly.
Since the advent of methods that facilitated the attachment of proteins to polysaccharides by cyanogen halides (1), a number of modifications have been described (3, 8, 11) , and numerous studies have shown that proteins can be readily and efficiently attached to various types of supports by cyanogen bromide (CNBr) activation (3, 7, 10, 16) . However, the linkage of lipopolysaccharide (LPS) to a solid matrix has had limited success. Thus, in 1981, Girard and Goichot (6) attached LPS to various types of agarose beads with benzoquinone, and Fox and Hechemy (5) used epoxy to couple LPS to Sepharose. These two types of activation produced yields of agarose-bound LPS ranging from 5 to 10% and 45 to 55%, respectively. The activation described here resulted in coupling yields of up to 98%, depending on the type of matrix used. With the immunoadsorbent produced in this manner, relatively large quantities of immunoglobulins with antibody activity specific to Brucella abortus could be purified. MATERIAL The gel was returned to the suction funnel and rapidly washed with 250 ml of 0.1 M Na2CO3 (pH 9.7)-0.5 M NaCl (carbonate buffer), followed by 250 ml of distilled water and another 250 ml of carbonate buffer.
All wash solutions were at 4(C.
The moist gel was then transferred to a beaker that contained 34 mg of aLPS at a concentration of 3.4 mg/ml in the carbonate buffer. The aLPS-gel mixture was allowed to react for 2 h at room temperature with continuous end-over-end mixing. After the gel react- mine the coupling efficiency by comparing its optical density (OD) at 280 nm to the initial OD of the aLPS at 280 nm. The concentration was determined from the standard curve (see Fig. 1 ).
To block any remaining active groups on the matrix, we washed each gel with 50 ml each of 0.1 M sodium acetate (pH 4.5)-0.5 M NaCl, 2 M urea-0.5 M NaCl and 0.1 M Na2CO3 (pH 9.7)-0.5 M NaCl. All wash solutions were at 4°C, and washings were repeated a total of three times.
A 200-mg amount of aLPS was bound by the same procedure to 30 ml of Sepharose 4B with proportionately larger amounts of reagents and wash solutions.
In one experiment, 5.0 mg of aLPS was radiolabeled with 125I by the chloramine-T method (13) . The specific activity was 5 x 107 cpm/mg of aLPS. The iodinated aLPS was mixed with 29 mg of cold aLPS and bound to agarose beads as described above. The column effluent was measured for desorbed isotopes by enumeration of several representative samples in a gamma counter through 10 pH shifts (see Table 1 ).
Affinity chromatography. Bovine antisera to B. abortus S19 were applied directly to the column (1 by 10 cm) without prior dialysis. After Both fractions were concentrated to the original serum volume either by dialysis against polyethylene glycol or by freeze-drying after dialysis against water. Antibody activity in the unabsorbed and acid-desorbed fractions was tested by slide agglutination test at a pH of 7.0 or 3.65. Some samples were tested in an enzyme-linked immunosorbent assay and a hemolysisin-gel assay with B. abortus LPS as the antigen (5).
The desorbed protein fractions were tested by standard immunoelectrophoresis procedures to determine the presence of immunoglobulins that correspond to those of whole serum.
To ascertain the most suitable desorbing agent, we applied 5.0-ml samples of a bovine serum with a high titer of antibodies to B. abortus to the affinity column. The retained serum proteins were then desorbed with 5.0 M guanidine-HCI, 2 M sodium iodide, 3.5 M potassium thiocyanate, saturated NaCl, or 0.2 M glycine-HCI (pH 2.4). All protein-containing fractions from each eluant were pooled, dialyzed against distilled water, and freeze-dried. After freeze-drying, the fractions were weighed, and the antibody activity was compared with that in the original serum by a tube agglutination test with doubling dilutions and by a hemolysis-in-gel assay for antibodies to B. abortus (K. H. Nielsen, F. C. Heck, J. M. Stiller, and B. Rosenbaum, Res. Vet. Sci., (submitted for publication). RESULTS Binding efficiency. When aLPS was incubated with a CNBr-activated matrix, the unbound aLPS was washed off. The wash was collected and assayed for OD at 280 nm to determine the amount of aLPS it contained, as compared with the standard curve (Fig. 1) . By this method, it was determined that approximately 95 to 98% of the aLPS was bound to Sepharose 4B, 63% was bound to Sepharose 4B-CL, and 10%o was bound to Sephadex G10.
Subsequent use of I251-labeled aLPS showed that the aLPS was bound to the gel, and 98.4% remained bound through 10 pH shifts (Table 1) .
Immunoadsorbent capacity. The binding activity of immunoadsorbent in the 30-ml column was determined by applying high-titer immune sera to the column until the antibody activity could be observed in the Tris buffer. The column was washed with Tris buffer until the OD became less than 0.01. The bound proteins were then eluted with glycine buffer. This fraction was neutralized and dialyzed against distilled water for 72 h and freeze-dried. By weighing the acid desorbed protein, we were able to determine that the binding capacity of immunoadsorbent ranged from 0. demonstrated that unattached proteins were not capable of agglutinating B. abortus, whereas the acid-desorbed proteins, once neutralized, were fully capable of agglutinating B. abortus. The application of affinity-purified antibodies to B. abortus aLPS in the enzyme-linked immunosorbent assay and the hemolysis-in-gel assay has been described (K. H. Nielsen, et al., submitted for publication). The acid-desorbed antibody molecules had characteristics commonly observed for bovine immunoglobulins (4) .
DISCUSSION
The relatively low yield of agarose-bound LPS has prevented a large-scale isolation of affinitypurified antibodies (5, 6) . The application of acetonitrile-activated CNBr (8) to agarose beads can overcome this difficulty, producing an efficiency of binding of B. abortus aLPS of up to 98%. Based on the attachment of 125-I-labeled B. abortus aLPS, the covalent bonds of CNBr to the agarose are not readily destroyed by the pH shift frequently used to desorb antibodies from the affinity column. Thus during 10 pH shifts, 1.6% of the radioactivity was eluted from the affinity column (Table 1) . Recovery of adsorbed antibodies and the maintenance of biological activity in terms of agglutination titer, particularly with regard to complement fixation capacity, appeared most efficient with 0.2 M glycineHCl (pH 2.4) ( Table 2 ). The aLPS contained approximately 10% protein, which appeared to be covalently bound to the LPS, as extensive purification procedures failed to reduce this protein component to below 6.3% (14) . In addition, the presence of other antigens, although minor, cannot be excluded. These impurities, if conjugated to the matrix, may result in antibodies with activity to antigens other than LPS that are eluted from the columns.
The use of affinity-purified antibodies has farreaching potential for the standardization of serological procedures and for the study of diseases such as brucellosis. It is possible to purify milligram quantities of specific antibodies that may subsequently be separated into isotypes (also by affinity chromatography). These isotypes in turn can be used to firmly establish the sequence of antibody isotype production in the infected host. This information is very useful for determining the serological tests required for screening and for confirmatory tests (12) . Therefore, affinity-purified antibodies of the various bovine isotypes would be very useful not only in establishing the test(s) and the parameters necessary for their measurement but also in the continuous standardization of the tests and in the determination of test sensitivity and specificity.
